Systematic X-ray diffraction, transmission electron microscopy (TEM), Raman and magnetic measurements were performed to study the structural and magnetic properties of copper nanoparticles (NPs) in carbon matrix. The weight concentration of Cu in carbon matrix is 8 wt%. The carbon-coated core-shell structures with bimodal size distribution with 4 and 300 nm average sizes of NPs are confirmed by scanning electron microscopy and TEM. Our results on magnetization carried out by vibrational magnetometer for copper NPs provide a strong evidence for coexistence of ferromagnetism and giant paramagnetism in wide range of temperature and magnetic field. The magnetic susceptibility at T = 10 K shows high value of giant paramagnetism with χ = 5×10 −5 emu/g Cu Oe while ferromagnetic behavior with hysteresis is preserved up to the room temperature.
I. INTRODUCTION

I
N RECENT years, magnetism has been intensively studied at the nanoscale level in metals surrounded by carbon or other materials, whose bare samples are diamagnetic. These are primarily gold nanoparticles (NPs)-Au, as well as other non-magnetic transition elements such as Ag, Cu, Pd, and ZnO compounds with functionalized surfaces and linear dimensions falling within the range of 2-10 nm [1] - [6] . The induced room temperature ferromagnetism was observed in thiol-capped Cu and Au NPs [1] - [3] . Various mechanisms for magnetism in these NPs and nanocomposites have been proposed, for understanding the competing magnetic contributions from the NP core and its surface [7] , the formation of a magnetic moment developed due to the charge transfer at the NP-ligand interface [1] , [2] . Until now, the origin of this unexpected magnetism at nanoscale has not yet been fully understood since the boundaries, the core-shell interface and structural details in small systems become crucially important. However, there are several factors at the nanoscale such as quantum finite size, surface and ligand effects that can contribute to the magnetic properties of the material. In the bulk form, copper is known to be weakly diamagnetic, because of diamagnetic response from the completely filled ions core and 3d-band. Magnetic properties of NPs coated by carbon shell are different from their bare form and they are affected by quantum confinement of the conduction electrons. Due to finite-size effects, such as high surface-to-volume ratio and different crystal structures, dimension and structure NPs can lead to interesting and considerably different properties than those found in their corresponding bulk materials. Our magnetization 
II. CHARACTERIZATION TECHNIQUE
To obtain very fine-dispersed copper NPs, as well as to study size effects, we first synthesized solid solutions of phthalocyanines: copper phthalocyanine (CuPc)-and metal-free phthalocyanine (H 2 Pc). Solid-phase pyrolysis of these solid solutions (CuPc) x (H 2 Pc) 1−x , where 0 ≤ x ≤ 1 can be represented using the following chemical reaction:
where T pyr is pyrolysis temperature is 850°C, t pyr is pyrolysis time about 3-15 min, and p is pressure in the reaction ampoule.
Morphology and sizes of prepared samples were investigated by varying NP sizes and compositions using a scanning electron microscope (SEM) Supra 25, FEI Talos F200X field-emission high-resolution transmission electron microscopy (HRTEM) and scanning transmission electron microscopy at an accelerating voltage of 200 kV. The structure of the NPs was determined using X-ray diffractometer Bruker D2 Phase model #A26X1 (radiation of CuKα, 1.54060 Å) and a Raman spectrometer Renishaw operating at the argonion laser wavelength of 514.5 nm. The energy-dispersive X-ray spectroscopy is also used for compositional mapping.
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See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. The magnetic characteristics were taken on a vibrating sample magnetometer (Quantum Design) for the physical property measurement system in magnetic fields to 50 kOe in a temperature range of 10-300 K.
III. RESULTS AND DISCUSSION
A. Structural Measurements
The prepared powdered samples are represented by air-stable black powders consisting of copper NPs, graphitized, and amorphic carbons. The size and morphology of synthesized sample were studied with the SEM and HRTEM images which demonstrate a bimodal character of size distribution of Cu NPs (Figs. 1 and 2 ).
It should be noted that Cu NPs are coated with graphite-like carbon shell and uniformly distributed in carbon matrix. Actually, the carbon shell prevents Cu NPs from oxidation and aggregation.
As seen from size distribution histogram, the estimated average sizes of core-shell NPs are about 4 and 300 nm. The solid line represents the fitting curve by assuming a Gauss function. Fig. 3 shows the X-ray diffraction (XRD) spectrum recorded at room temperature. The broad peak seen about 25.5°cor-responds to graphite-like carbon structures. The remaining narrow peaks in the XRD pattern correspond to the standard values of the metallic copper with face-centered cubic (fcc) structure. The Raman spectrum (range 250-3500 cm −1 ) of the Cu/C is shown in Fig. 4 . The curve indicates the position of the D and G bands for two prominent peaks, as well as the location of the second-order frequency domain. The G peak (∼1595 cm −1 ) corresponds to the optical vibrations of the carbon atoms in the plane of the graphite sheet. The D peak (∼1355 cm −1 ) is activated when there are defects in the structure or breaks in sp 2 -bonds. The position of the G mode is in favor of the fact that our sample is probably nanocrystalline graphite [8] , which is mainly due to the capped Cu NPs in a carbon capsule, with lateral sizes about 15 nm. In contrast, the presence of dispersion in the G mode, together with the absence of clearly defined peaks in the second-order scattering region, may indicate the presence of amorphous carbon in the sample.
B. XRD and Raman Measurements
The absence of characteristic peaks in low frequency region provides an evidence that the oxidized copper NPs are fully excluded.
C. Magnetic Measurements
In ferromagnetic NPs, a magnetization is randomly distributed along their easy axes. Fig. 5 shows that the dependence of magnetization from the magnetic field in Cu/C sample is performed in magnetic fields up to 50 kOe at temperatures of 10 and 300 K, respectively. Analysis of the magnetization versus field curves leads to the following conclusions.
a) The paramagnetic magnetization at T = 10 K is linear function of field up to H = 50 kOe and it is far from saturation. b) Paramagnetic magnetization at H = 50 kOe and T = 10 K practically in investigated sample is an order of magnitude higher than the corresponding magnetizations at ferromagnetic saturation.
The saturation magnetization of ferromagnetic NPs in the studied sample is about 0.3 emu/g Cu . Fig. 6 shows the important details of hysteresis loops at T = 10 K and the room temperature in low magnetic field region. The ferromagnetic hysteresis loops are somewhat distorted due to the significant paramagnetic contribution of χ PM (T )H in the samples, especially at low temperatures. The estimated magnetic susceptibility at T = 10 K shows high value of giant paramagnetism with χ = 5 × 10 −5 emu/g Cu Oe.
The ferromagnetism and low temperature giant paramagnetism are attributed to relatively small and moderate size of particles, 2-10 nm. The observed size-dependent behavior of magnetization in NPs can be explained by the small surface area-to-volume (A/V) ratio. The mechanisms of giant paramagnetism and ferromagnetism in non-magnetic substances were analyzed earlier in Au NPs with linear size less than 10 nm [3] - [5] . The paramagnetic properties of the carbon matrix obtained after the solid-phase pyrolysis of a metal-free phthalocyanine were also studied in [9] .
However, the mechanism of magnetism and the role of the graphene/metal interface still remain unclear. The magnetic properties and changes in the electronic structure of Cu/C nanostructures can be attributed to the charge transfer through the core-shell interface between a copper and carbon. It is known that the reduction of the density of states near the Fermi level is favorable to magnetism and strongly depend on electron configuration of copper NPs, carbon matrix and their relative work functions determining an electron charge transfer. At present, the values of the work functions in Cu/C nanocomposites are not well known, and, therefore, there can be two possible mechanisms contributing to magnetism such as a charge transfer from copper NPs to the curved surface of nanographite matrix surrounding NP and vice versa. These processes, accompanied by the changes in the ground state electronic Cu(3d 10 4s 1 ) configuration of copper NPs and carbon matrix can lead to the magnetic ordering of localized d moments and/or itinerant sp ferromagnetism.
On the basis of the present analysis, the conclusion can be made that the detailed experimental studies of the problem using high-resolution photoemission spectroscopy measurements from Cu/C can provide explanation on surface magnetism in non-magnetic metals coated by carbon-based material.
IV. CONCLUSION
We developed a solid-phase pyrolysis method to synthesize copper NPs grafted in carbon matrix. Our structural studies show that copper NPs form an fcc lattice structure and that they are encapsulated in nanographite-like carbon shells. The Raman results of Cu/C nanocomposite indicate the absence of oxidized copper. Despite the filled d shells the small (2-10 nm) Cu NPs possess magnetic moments and can reveal even room temperature ferromagnetism. At low temperatures, giant paramagnetism with magnetic susceptibility χ = 5 × 10 −5 emu/g Cu Oe was obeserved.
The ferromagnetism in Cu/C nanocomposites is apparently due to small copper NPs, the sizes of which are about 2-5 nm. The saturation magnetization of ferromagnetic NPs is found about 0.3 emu/g Cu .
Unusual ferromagnetism and giant paramagnetism displayed by NPs of non-magnetic copper surrounded by carbon environment is novel interesting phenomenon in physics of condensed state and might have potential applications in electronics, spintronics, and quantum information processing. We found that copper capped NPs have a marked ferromagnetic and giant paramagnetic behavior dependent on the NPs size. The ultrasmall Cu NPs with high surface to volume, A/V, ratio can overcome the diamagnetic responses from the inner core and, therefore, can exhibit giant paramagnetic and ferromagnetic responses at low temperatures. The observed room temperature ferromagnetism coexisting with giant paramagnetism at low remperatures found in carbon coated Cu NPs can be applied to other non-magnetic elements and matrixes by opening the new opportunities in research on basic magnetism. Our results on the size and concentration dependences of Cu NPs in carbon matrix on the magnetic properties of NPs are analyzed and will be published.
